Abstract-The present work deals with the production of biodiesel from the macroalgae Caulerpa peltata and the optimization of the parameters that influence the transesterificationof algal oil into biodiesel using Response Surface Methodology. Algal oil that was obtained from Caulerpa peltata by chloroform and methanol solvent extraction was used for biodiesel production using methanol and sodium hydroxide. The optimization of parameters like oil: alcohol ratio, catalyst amount, time and temperature were done using Design Expert 8. 
I. INTRODUCTION
Depletion of fossil fuels and escalating prices has made research on biodiesel as the need of the hour. Biodiesel is a processed fuel derived from the esterification and transesterification of free fatty acids and triglycerides, respectively that occur naturally in renewable biological sources such as plant oils and animal fats [1] . Moreover, the availability of the oil crops serve as the sources for the biodiesel production are limited [2] .Therefore, it is necessary to find new feedstock suitable for biodiesel production, which does not drain on the edible vegetable oil supply. One alternative to the conventional oil crop is the algae because they contain oil, suitable for esterification/trans esterification reaction for the biodiesel production. Algae are fast growing and they can be grown and harvested on a continuous basis throughout the year under controlled cultural conditions. So biodiesel production from algae is widely considered as one of the most efficient methods. It appears to represent the recent renewable source of oil that could meet the global demand for transport fuels [4] . As far as macro algae are concerned, they have been extensively explored for their novel lipids and fatty acids [5] - [8] .The reaction is affected by several parameters such as the concentration of catalyst, oil to methanol ratio, reaction temperature, moisture, presence of free fatty acids (FFA) and agitation intensity. [9] .In this paper the statistical analysis of product yield was performed using 
II. MATERIALS AND METHODS

A. Materials
One kilogram of the seaweed Caulerpa peltata was obtained from Gulf of Mannar, Rameshwaram, Tamilnadu, India. The wet algae were shade dried and then finally dried in an oven at 60 ºC. About 880 g of dry algae was obtained, which was finely chopped into pieces and then ground into fine powder using mortar and pestle.
B. Experimental Method
The dried algae were solvent extracted with chloroform and methanol (2:1) and the biomass was filtered .The algal oil was separated from solvent using the rotary evaporator. The pure algal oil was transesterified with methanol and sodium hydroxide to yield algal biodiesel and glycerol. The mixture was allowed to settle in a gravity separator for 24 hours. Transesterification yields biodiesel along with the byproduct glycerol. Glycerol being heavier settles down at the bottom. The biodiesel still contains small amount of impurities like catalyst, solvent etc. Hence it is thoroughly washed with 5% hot and cold water alternatively. The resulting biodiesel was dried in an oven for one hour, fan dried and stored.
C. Statistical Analysis
Optimization of biodiesel production was carried out using Central Composite Design (CCD). The four factors investigated were a: oil: alcohol ratio, B: Catalyst amount, C: Temperature and D: Time. Each variable was studied at three different levels as shown in Table I CCD experimental design leading to a set of 30 experimental runs as shown in Table II was used to optimize parameters for the production of biodiesel. The Yield of the biodiesel was calculated by the following equation 
B. Analysis of Variance (ANOVA)
The results of analysis of variance (ANOVA) are shown in Table III which indicates that the predictability of the model is at 99% confidence interval. The predicted response fit the well with those of the experimentally obtained response. A p value less than 0.0001 indicate that the model is statistically significant. The model was found to be adequate for prediction within the range of variable chosen if P value is lower than 0.05, and then it indicates that the model is statistically significant.
C. Interaction Effect of Variables
It was observed from this table that the coefficients for the linear (P = 0.0001) except temperature term, the square terms (P = 0.001) and the interaction terms (P=0.001, 0.0003) Were highly significant the lack of fit is also not significant confirm the applicability of the predicted model. In a four parameter study, the 3D surface plots are drawn by taking any two parameters from the graph and the other two variables constant. Fig. 1 shows the 3D plot for the interaction effect between methanol oil ratio (A) and Catalyst amount (B) toward biodiesel yield. The reaction time and reaction temperature were fixed at 90 minutes and 60°C respectively. The 3D response surface shows the maximum biodiesel of 95.47% was obtained at oil: methanol ratio of 1:5 and catalyst amount of 0.39. High yields of biodiesel are obtained at low catalyst concentrations because the reaction medium consists of a three-phase system (oil-methanol-catalyst) in which the reaction would be slowed down when the catalyst amount is high. In Fig. 2 , the reaction temperature (D) and Catalyst amount (B) is kept constant at 60 ° C and 0.3 % respectively and the plot was drawn between (C) reaction time and (A) methanol-oil molar ratio. The maximum biodiesel of 94.01% was obtained at temperature of 60° C at methanol: oil ratio of 1:5 concentrations .The 3D plot shows a sharp decline in the biodiesel yield when the molar ratio decreases. In Fig. 3 the temperature and oil: alcohol ratio was kept constant at 1:5 and the plot was drawn between reaction time and catalyst amount. As the reaction time increase from 30 minutes, the biodiesel yield starts to increase and maximum yield of 95.17% in 89 minutes at a catalyst amount of 0.38.In Fig. 4 oil: alcohol ratio and time were kept constant at 1:5 and 0.3% and the effect of reaction temperature and catalyst amount were studied on the biodiesel yield. It was found that the yield started to increase as the temperature was increased from 40°C and reached its maximum at 60°C and showed a decline at increasing temperature. The decline was due to evaporation of methanol as it is above its boiling point the optimum biodiesel yield of 95.099% at catalyst amount of 0.36 and 60°C. From Fig. 5 , methanol-oil molar ratio (A) and catalyst amount (B) were kept constant at 1:5 and 0.30% respectively and the plot was drawn between reaction temperatures (° C) and time (D). The graph shows that the yield is minimum of 94.06% were obtained at temperature 60° C and time 60 minutes. In Fig.6 , the catalyst amount ( B) and time (C) are kept constant at 0.3 and 90 minutes and the interaction of Oil: Alcohol ratio (A) and temperature (D) on biodiesel yield is observed. From the 3D plot it can be seen that at lower oil: alcohol ratio the yield is low because of the poor phase separation and the yield increases with an increase in temperature till 60° C and decreases for higher temperatures. 
IV. CONCLUSION
Central Composite Design was used for optimization of methanol/oil ratio, Catalyst loading, reaction temperature and time on the transesterification of Caulerpa peltata algal oil. Thus, research work gave an optimal value of 95% biodiesel at 60 °C, in 90 minutes of reaction time with 0.3 wt % of catalyst loading and methanol/oil ratio of 1:5. Quadratic polynomial models were obtained to predict yield of biodiesel. The result showed that the predicted value was in agreement with the experimental value, which was established with additional experiments to confirm the optimized parameters. Therefore production of biodiesel from algal oil is a feasible process.
